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Figures
Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows: °F=(1.8×°C)+32.
Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm at 25 °C).
Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or micrograms per liter (µg/L).

Datums
Vertical coordinate information is referenced to North American Vertical Datum of 1988 (NAVD 88). Horizontal coordinate information is referenced to North American Datum of 1983 (NAD 83).
Altitude, as used in this report, refers to distance above the vertical datum.
Introduction
The Amargosa River supports wetlands in North America's hottest and driest region, the Mojave Desert. The odd combination of moist habitat within an excessively dry landscape has fostered an area of high biodiversity (Williams and others, 1984; Sada, 1990; Deacon and Deacon-Williams, 1991) . Flowing in its entirety in the Late Pleistocene, the Amargosa River is now represented by disjunct spring-fed reaches, each sufficiently isolated to have divergent flora and fauna (Hubbs and Miller, 1948) , making these desert oases hotspots for endemic flora and fauna. Many of these wetland relics of the Pluvial Amargosa River are under public ownership (Bureau of Land Management, U.S. Fish and Wildlife Service, and National Park Service) or owned and managed by The Nature Conservancy.
The Amargosa River Canyon, of Inyo and San Bernardino Counties in California, is the longest perennial reach of the Amargosa River today. Due to the biological importance, historical and cultural values, and scenic beauty of the Amargosa River, the Bureau of Land Management designated 21,552 acres surrounding the river and its tributaries from south of Shoshone to Sperry as an Area of Critical Environmental Concern (ACEC) ( fig. 1 ). This survey of the Amargosa River Canyon lies in the southern portion of the ACEC and extends south past the border of the ACEC. All sampling locations that lie outside the ACEC were dry and therefore not sampled for fish. The ACEC designation led to an implementation plan aimed at protecting the canyon. The plan outlines an inventory and monitoring strategy that includes a survey of the Amargosa River pupfish (Cyprinodon nevadensis amargosae) and speckled dace (Rhinichthys osculus spp.). The last documented survey of Amargosa River Canyon fishes occurred in 1981 (Williams and others, 1982) , before the establishment of the ACEC. Due to cattle grazing, less vegetation covered the stream in 1981 (Anthony Chavez, Rangeland Management Specialist/Weed Coordinator, Bureau of Land Management, Barstow, CA, oral commun., 2010).
We conducted a fish survey in the Amargosa River Canyon during the summer of 2010, almost 10 years after cattle grazing ceased. Since the 1982 survey of the Amargosa River Canyon conducted by Williams and others (1982) , non-native saltcedar has proliferated in some stream reaches of the canyon (Jack Williams, Senior Scientist, Trout Unlimited, Medford OR, oral commun., 2010) . Because saltcedar has been implicated in causing the decline of native species (Kennedy and others, 2005) , we tested the effect of relative native versus non-native riparian stream cover on fishes and crayfish abundance. 
Description of Area
The Amargosa River Canyon is situated 90 km southeast of the Death Valley National Park headquarters at Furnace Creek, California ( fig. 1 ). The perennial flow within this region originates from springs and seeps beginning just north of Old Spanish Trail Highway (OSTH) (403 m elevation) and from several springs and seeps along its course. During the time of our study, June 21-August 12, 2010, streamflow at the U.S. Geological Survey gaging station near OSTH ranged from 2.83 × 10 -4 to 1.42 × 10 -3 ; streamflow was 2.55 × 10 -2 m 3 /s 8.5 km downstream of OSTH.
During periods of intense rainfall, streamflows have exceeded 453 × 10 3 m 3 /s. From our survey start at OSTH to just south of Sperry, there were changes in dominant riparian vegetation and relative stream coverage, which we categorized into three broad habitat types: (1) riparian corridor predominated by native vegetation (NV), with riparian vegetation comprised of various combinations of cattail (Typha sp.), bulrush (Scirpus), or common reed (Phragmites sp.) and occasional willow (Salix sp.), mesquite (Prosopis), or saltcedar (Tamarix sp.), with much of the water surface open and typically receiving sunlight; (2) riparian corridor predominated and shaded by saltcedar (SC) with intermittent dense stand of cattail along the stream edge; (3) stream covered with a dense stand of cattail or common reed (CCR) lying over the stream such that locating water required forceful movement through dense vegetation.
Willow Creek is Amargosa River Canyon's largest tributary and connects at river km 8.8 ( fig. 2) . The creek originates from springs and seeps and was being diverted for irrigation during our survey. Much of the stream channel was dry, and maximum flow was judged to be <2.83 × 10 -4 m 3 /s. The stream channel was shaded along its entire course, primarily with native vegetation. The upper 1.5 km of the channel is lined with willow, cottonwoods, and mesquite, and the lower 2.0 km is primarily mesquite.
Non-native aquatic species known to the Amargosa River Canyon system include western mosquitofish (Gambusia affinis), bullfrog (Rana catesbeiana), red swamp crayfish (Procambarus clarkii), and red-rimmed melania (Melanodes tuberculata).
Materials and Methods
We used Geographic Information System (GIS) tools in ArcGIS 10 (ESRI, 2010), and the National Agricultural Imagery Program (NAIP) to trace stream channels and to determine locations of sampling stations, which were set at 50-m intervals. A total of 405 sampling stations were established, 335 along 16.75 km of the Amargosa River Canyon and 70 stations along 3.5 km of the Willow Creek ( fig. 2) . Each sampling station location was downloaded into Garmin © Global Positioning System (GPS) units. These units typically put us within a 2-m radius of a specific station. Once a station was located, a 3.3 mm mesh Standard Gee minnow trap, baited with dry dog food was set, and typically fished overnight for 15-24 hr. Fish captured were identified to species, 10 individuals per trap (when available) were measured to either fork length or total length (as appropriate), and the remainder were enumerated by species. Red swamp crayfish also were enumerated and measured from the tip of the rostrum to the tip of the uropods. We also measured water depth and water temperature at each trap location, and noted vegetative type, lat/long and UTM coordinates, distance from OSTH, and habitat type, for the 405 potential sample stations (table A1). 
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A Hydrolab DataSonde ® 5 was used to measure water temperature, dissolved oxygen, conductivity, and pH at five locations along the Amargosa River Canyon and three along Willow Creek. Sampling locations were spread along the length of each of the two streams, but were influenced by stream accessibility. Measurements were made on July 27, 2010.
The data collected in our sampling effort were used to develop species specific GIS maps using ArcGIS 10 (ESRI, 2010), which display species relative abundance and distribution. We analyzed the data post hoc using a Kruskal-Wallis single factor analysis of variance to test whether pupfish and speckled dace densities were negatively influenced by heavily shaded reaches (SC and CCR).
Results
Of 335 stations established along the Amargosa River Canyon, three stations were inaccessible due to a dense stand of saltcedar, and 94 were dry or water was too shallow to set a trap ( fig. 2 ). Of 238 traps fished, 225 captured native fishes (figs. 3, 4, and 5). Speckled dace were slightly more widespread and occurred in 206 traps compared to 194 for pupfish. But total captures were higher for pupfish (n= 8,558) than speckled dace (n=3,429) (table A2). The disparity in capture success among traps suggests that neither pupfish nor speckled dace are evenly distributed throughout the Amargosa River Canyon.
Pupfish capture success was significantly higher (df = 1, χ 2 = 11.30, p = 0.006) in stream reaches predominated by native riparian vegetation (NV) with open water than those reaches heavily shaded with saltcedar vegetation (SC). Pupfish densities were significantly greater (df = 1, χ 2 = 56.03, p<0.001) in stream reaches predominated by native riparian vegetation (NV) with open water than those reaches heavily shaded with cattail/common reed vegetation (CCR). Pupfish ranged from 16 to 71 mm in total length with a mean length of 41.6 mm ( fig. 6 ). The large majority of pupfish captured were equal to or greater than 31mm in length, indicating that they were sexually mature (Moyle, 2002) . The longest fish captured (71 mm) during our systematic sampling effort was a female; however, in supplemental sampling to recapture this large fish for a photograph, we captured a female 75 mm in length ( fig. A1 ). The distribution pattern for speckled dace along the Amargosa River Canyon differed from pupfish (figs. 3, 4, and 5). There was no significant difference in speckled dace use of open or covered reaches; NV versus SC was (df = 1, χ 2 = 0.92, p = 0.338), and NV versus CCR was (df = 1, χ 2 = 3.20, p=0.074). Speckled dace density was conspicuously lower near the terminus of the Amargosa River Canyon. Speckled dace ranged from 20 to 92 mm in fork length with a mean of 51.4 mm ( fig. 7 ).
Crayfish were captured in 76 of 253 traps (n = 195), and mosquitofish in 110 (n = 1,095), (figs. A2 and A3). Both of these invasive species were widespread, but there were significantly more crayfish (df = 1, χ 2 = 6.94, p=0.009) and mosquitofish (df = 1, χ 2 = 37.79, p<0.001) in SC than NV. There also was a significantly (df = 1, χ 2 = 37.79, p < 0.001) greater density of crayfish in CCR than NV, but no significant difference (df = 1, χ 2 = 0.002, p=0.886) in mosquitofish between the two habitat types. Figures A4 and A5 give the length frequency of captured crayfish and mosquitofish. Water-quality conditions differed between the Amargosa River Canyon and Willow Creek. The Amargosa River Canyon water temperatures had slight variation, ranging from 23.4 to 24.8 °C, dissolved oxygen ranged from 6.2 to 8.6 mg/L, conductivity ranged from 2,044 to 5,318 µS/cm, and pH ranged from 7.9 to 8.3 (table A3) . In Willow Creek, water temperatures generally were warmer than the Amargosa River Canyon and ranged from 25.2 to 28.7 °C, dissolved oxygen generally were higher (7.1-12.1 mg/L), conductivity was lower (1,027-1,082 µS/cm), and pH had a broader range (7.6-8.4). The inordinately high dissolved oxygen (12.1 mg/L) probably was due to the lower station having shallow water (<4 cm deep), with little flow, and exposure to the sun, all of which are conditions promoting higher photosynthesis. 14 Discussion Native fishes were found throughout the Amargosa River Canyon area. Pupfish density was significantly higher within native riparian vegetation reaches with open water rather than heavily shaded reaches. Similarly, Kennedy and others (2005) found that Ash Meadows pupfish (Cyprinodon navedensis mionectes) numbers were reduced where saltcedar shaded their habitat. Algae is the primary food item consumed by Ash Meadows pupfish as well as the Amargosa River pupfish (Naiman, 1975; Kennedy and others, 2005) and algae production is negatively affected by a saltcedar canopy, this in turn reduces pupfish density (Kennedy and Hobbie, 2004; Kennedy and others, 2005) . Speckled dace are more carnivorous than pupfish, feeding more on aquatic and terrestrial invertebrates, which are not necessarily relegated to open water habitat (Osborne and Herricks, 1987; Lancaster and others, 1996) . The only region of the stream where speckled dace were scarce was in the lowest reach. This reach is subject to desiccation; we observed pupfish mortality caused by stranding and pool desiccation. It was unclear whether speckled dace scarcity in this reach constitutes stranding avoidance by the species.
Results from Williams and others (1982) indicated speckled dace were rare within the Amargosa River Canyon area compared with pupfish, while this study found both species supported in robust numbers. There are two plausible reasons for the difference in results. First, Williams and others (1982) used a seine for sampling, which is limited to sampling open water pools where pupfish were high in numbers. Second, the Amargosa River Canyon was being grazed at the time of the Williams and others (1982) study, keeping the stream channel open, which we suspect favored pupfish. In sun exposed pools, male pupfish tend to be more territorial (Lema and Nevitt, 2004) , which may lead to some degree of speckled dace avoidance. Saltcedar appears to be spreading throughout Amargosa River Canyon, probably at the expense of native fish populations. Our data supports the findings of Kennedy and others (2005) that pupfish are suppressed by a saltcedar canopy while the invasive red swamp crayfish and western mosquitofish are promoted.
Crayfish and mosquitofish have been found to impact native fish populations negatively in previous studies; crayfish compete with and prey upon native fishes (Guan and Wiles, 1997; Light, 2005) , and mosquitofish probably compete with speckled dace for food because they share trophic resources (Caiola and de Soston, 2005) . Mosquitofish also are a known predator of fish larvae and eggs (Meffe, 1985; Swanson and others, 1996; Mills and others, 2004) . The highest density of these two invasive species was within reaches shaded by saltcedar. Thus, native fishes within these reaches are potentially subjected not only to reduced productivity due to shade, but also to increased probably of competition and predation from invasive species. Adult red swamp crayfish are opportunistic feeders, but tend toward herbivory (Harper and others, 2002) , and they can survive by consuming saltcedar leaves. In contrast, saltcedar leaves have little direct or indirect nutritive value for pupfish or speckled dace (Kennedy and others, 2005) . Our capture data suggest that crayfish were not abundant in the Amargosa River Canyon area. Why they were found in such low numbers can only be speculated upon; however, the continued spread of saltcedar may enhance the crayfish and mosquitofish populations.
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Only speckled dace were found in Willow Creek, and whether pupfish historically occurred there is unknown. With little water in the channel, speckled dace were greatly restricted in distribution and crayfish were abundant. The combination of restricted distribution and low water volume and velocity probably enhance the negative effects of crayfish on the speckled dace population. We suggest the speckled dace population in Willow Creek be closely monitored.
Amargosa River Canyon native fish numbers appeared relatively robust in this study, but we have no analogous historical capture information with which to compare our data. Presumably, native fish were in greater abundance prior to the invasion of saltcedar, crayfish, and mosquitofish, all of which have been found to negatively impact native fish populations. Saltcedar threatens to continue proliferating throughout the river. Historically, fire and flood were stochastic events serving to keep the stream channel open and dynamic (Benda and others, 2003; Kozlowski and others, 2010) , but now such events also serve as agents for the spread of saltcedar (Wiesenborn, 1996) , threatening to form a saltcedar monoculture along the river and throughout the floodplain. With the increase in saltcedar, populations of native fishes are expected to decrease in size due to the increase in crayfish and mosquitofish, the reduction in primary production, and the drafting of substantially greater water by saltcedar when compared with native vegetation (Duncan and McDaniel, 1998) . Other potential threats to native fish include an ever increasing human demand for water, and future increase in drafting from the aquifer(s) supplying the Amargosa River. The introduction of other non-native species also is a threat (Moyle, 2002) . 
